Summary: Viral strains obtained during the same period which were asymptomatically shed into the saliva of patients with oral cancer after surgery or isolated from the focus of patients with herpes simplex virus type 1 (HSV-1) infection after first visit to hospital were analyzed using molecular epidemiology. There were 10 subjects in each group. Viral strains used were from 3 to 5 strains (mean: 3.4 strains) in the malignant patients and from 3 to 8 strains (mean: 5 strains) in the herpetic patients. One of 10 patients with oral cancer showed a different DNA cleavage pattern in viral strains shed into saliva at the last day. In 10 patients with HSV-1 infection, all viral strains in each of the cases showed identical DNA cleavage patterns. These results suggested the existence of a latent multiple infection and a simultaneous reactivation of HSV-1.
INTRODUCTION

Multiple viral infections have been reported in air-
way viral infections, enterovirus, measles, and varicella [1 -6] , but there have been few reports of multiple infection with herpes simplex virus (HSV) [7] [8] [9] [10] [11] [12] , and the actual status has not yet been elucidated.
We have reported results that suggest a multiple latent infection in many subjects who excreted HSV-1 in lachrymal fluid and saliva. Murase [13] performed a molecular epidemiological investigation of isolates asymptomatically excreted in lachrymal fluid and saliva from the same individual during the same period and found that the viral DNA pattern differed between the lachrymal fluid and saliva in 9 of 14 cases, showing a high frequency of 64.8. Later, Terasaki [14] performed a similar investigation of isolates asymptomatically excreted into saliva from an individual during different periods and those from lesions in a separate patient who developed symptoms at different times and showed that in the asymptomatic excretion group, different patterns existed in many cases (9 of 13 subjects) as Murase reported. These findings indicate the presence of a multiple latent infection with HSV-1 and suggests a reinfection with HSV-1 or a simultaneous infection with multiple strains.
Therefore, in this study, we attempted to confirm the presence of a multiple latent infection by successively obtaining isolates during a period of fixed duration from a patients with HSV-1 infection and from patients who asymptomatically excreted the virus. The results were analyzed using molecular epidemiology in order to clarify simultaneous reactivation of multiple strains.
MATERIALS AND METHODS
Subjects and collection of specimens Subjects were 10 patients with oral malignant tumors and 10 patients with HSV-1 infection (Tables  1 and 2 ), in whom the HSV-1 was continuously isolated during a period of 3 or more days from saliva or focus. All subjects were treated in the Department of Oral Surgery at Kurume University School of Medicine. The patients with oral malignant tumors were free of herpetic lesions in the oral cavity. All samples were collected from the saliva of patients mg/ml ethidium bromide solution and photographed using an UV transilluminator.
Sequencing
The bands of fragments 1 and 2 from HSV DNA (case F) (Fig. 2) were cut out under UV light, and the DNA fragments were extracted by Qiaex II Gel Extraction kit (Qiagen, Hilden, Germany). The fragments were ligated into the BamH I site of pUC 118
plasmid. The resulting plasmid amplified in E. coli (DH5) was purified using Qiagen Plasmid Kit. The construct was sequenced using the ABI PRISM Dye terminator Cycle Sequencing Kit and M13 primers, then by automated sequencing an ABI PRISM 377 DNA Sequencer (Perkin-Elmer, Foster City, CA).
RESULTS
When DNA fragments are separated by electrophoresis through agarose gels, the fragments with the smaller molecular weights migrate faster than those with relatively large molecular weights. These smaller DNA fragments are arranged in the lower portions of the figures. The DNA fragments were designated as a, b, and c in the order of decreasing molecular weights, in accordance with previous reports [16] [17] [18] . The electrophoresis bands of the isolated viral strains were not HSV-2, therefore the isolated viruses must be HSV-1.
The BamH I DNA cleavage patterns of asymptomatically shed viral strains which were isolated from 8 patients, A-E, H, I and J are shown in Fig. 1 . Viral strains of each of these patients had the same patterns with BamH I, therefore an attempt was made to digest them with another restriction enzyme, Sal I. The restriction mapping of these strains with Sal I also showed identical patterns. However, the viral strains isolated from patients, F and G could be differentiated by restriction mapping with BamH I (Fig. 2) . As shown by the arrow in Fig. 2 , in patient G the restriction endonuclease cleavage pattern of the viral strain isolated at the last day differed from that of the other four strains. Also, in patient F, the cleavage pattern of the last strain differed from that of the other three strains.
However, when the DNA sequences of the fragment 1 and 2 (patient F) were analyzed, it was found that the fragment 1 and 2 were restriction fragment BamH I-k and s. Therefore it was the all same strains.
The results of analysis by BamH I digestion of the viral DNA isolated from 10 patients with HSV-1 infections are shown in Fig. 3 . All viral strains in each of these patients had the same cleavage patterns. Analysis by Sal I also produced identical cleavage patterns in all viral strains of each patients.
These findings indicate that the HSV-1 lesions were all caused by reactivation of the same strain of virus. detected in the second isolation in one patient in addition to the strain obtained in the first isolation. In the other patient, the isolates were the same strain in both the first and second isolations, but a different strain was obtained in the third isolation. Maitland et al.
DISCUSSION
[10] also reported that they similarly collected at least two isolates from 30 patients with HSV-2 type herpes progenitalis HSV-1. Whitley et al.
[11] investigated whether isolates from a brain biopsy were of the same strains as those isolated from their labial herpes in 8 encephalitis patients. Different strains were isolated in 3 patients. Lewis et al. [12] cultured in vitro the trigeminal nerve and nerve roots from 20 cadavers to reactivate latent HSV, and multiple HSV-1 strains were isolated from two cadavers. Later, Murase in our laboratory analyzed DNA cleavage patterns of viruses simultaneously excreted asymptomatically from different sites in the same individuals and showed the presence of different strains in many individuals. HSV-1 was isolated from left and right lachrymal fluid and saliva from patients who underwent ophthalmological and oral cavity surgeries, and was compared with 32 strains from 14 patients who asymptomatically excreted the virus in lachrymal fluid and saliva during a similar period. As a result, strains were found to be differed in 9 of 14 patients (64.3%). A similar comparison was performed by Terasaki among 32 strains from 13 individuals, which were asymptomatically excreted in saliva in the same individuals during different periods, and among 55 strains isolated from 10 patients with HSV-1 infection. The same strains were detected in all patients with an HSV-1 infection , while strains differed in 9 of 13 individuals (69%) who asymptomatically excreted the viruses, showing more clearly the presence of a multiple HSV-1 latent infection. Moreover, regarding the frequency of a multiple viral infection, the frequency of excretion of different strains was very high compared to the 2 in 20 reported by Lewis et al., 3 Therefore, in this study, in an attempt to further clarify the presence of a multiple latent infection, strains successively obtained from the same individual in the asymptomatic virus excretion group or from the patient group with HSV-1 infections were subjected to DNA analysis. The DNA cleavage patterns were compared and the latent infection with multiple strains was investigated.
In the asymptomatic virus excretion group, a different cleavage pattern was detected in only one individual on the final day. This finding suggested the presence of a multiple latent infection and simultaneous reactivation of multiple strains as suggested by Murase and Terasaki.
However, regarding the simultaneous reactivation, because a different strain was detected on the final day, reactivation on different days may also be possible, and further investigation is necessary. In the patients with HSV-1 infection, the presence of different strains was not detected. No patients were detected with a primary infection with multiple strains. Furthermore, a similar strain was detected in all recurrent lesions, and simultaneous reactivation was not observed.
It is not clear why such a multiple latent infection should exist. It has been reported that when one type of virus strain latently infects a nerve root, latent infection with other viruses is inhibited [22] [23] [24] . This is contradictory to the results of the present study. In fact, it has been shown that a simultaneous latent infection with multiple strains in the same nerve root can be established, and that a latent infection of the right and left nerve roots with a different strain, each can also be established [23] . On investigating the properties of viruses from patients with an HSV-1 infection and those of asymptomatically excreted viruses, the sensitivity to asymptomatically excreted virus strains was rapidly decreased by defrosting, and a comparison of the replication ability by growth curve also showed a clear difference between the two groups [26] . Furthermore, on isolation sample solution of an asymptomatically excreted virus was directly inoculated, no viral clone was recovered, showing that the decrease in sensitivity is very rapid. Considering these findings together, asymptomatically excreted viruses latently infect local sites in an 
